Purpose: Numerous studies have shown that students of health professions report higher perceived stress and lower quality of life (QOL) levels than those in other disciplines. The purpose of this cross-sectional survey study is to assess variations in students' QOL and perceived stress levels by demographic and college-related factors. Methods: The World Health Organization QOL (WHOQOL) e BREF and Perceived Stress Scale (PSS-14) were used to assess QOL and stress levels among students at King Saud Bin Abdul-Aziz University for Health Sciences (KSAU-HS), Riyadh, during December 2015eJune 2016. The WHOQOL-BREF comprises four broad QOL domains: physical health, psychological health, social relationships and environment. A total score from responses to the 14 questions in the PSS was computed. Univariate statistical analyses were performed using the Chi-square/Fisher's exact test or the t-test/Mann-Whitney U test, as appropriate. Linear regression models were used to examine the independent effect of numerous demographic and college-related factors on QOL and PSS. Results: A total of 479 students completed the questionnaire, representing a response rate of 95%. Fifty nine percent of the respondents were females. Then vast majority of respondents were single (96%) and reported a household income of SAR 10,000 or higher (82%). The distribution of college enrollment was as follows: Medicine 37%, Applied Medical Sciences 18%, Nursing 16%, Dentistry 13% and Pharmacy 14%. Scores in a number of QOL domains were significantly different by gender, household income, college, academic level and smoking status. Scores in all four QOL domains were negatively correlated with PSS, indicating that better QOL is strongly and highly significantly related to lower perceived stress levels with correlations ranging from À0.27 to À0.58 (p < 0.001). PSS scores were independently and significantly associated with QOL scores in the physical and psychological health domains. Conclusions: Most students that participated in this study appeared to acknowledge challenges in various aspects of their QOL which have been shown to be associated with their perceived stress. Further studies are needed to evaluate the effect of
Introduction
Psychological stress was defined by Lazarus & Folkman (1984) as "a particular relationship between the person and the environment that is appraised by the person as taxing or exceeding his or her resources and endangering his or her well-being". 1 Although Lazarus & Folkman's definition has seminal contributions to the body of work in psychological, it was Hans Selye who related stress to life experiences in the mid-1930s. 2 Life experiences can be regarded as part of the external components of the Biopsychosocial Model of stress involves, which still the collusion of another component; the internal (human physiological and biochemical factors). 3 Although stress is commonly interpreted negatively, 4 Seyle has described the eustress (positive stress) which can be experienced solely or in combination with distress (negative stress). 5 Many have considered that one needs certain levels of stress to endure life challenges as long as that stress does not bare a health risk or becomes chronic. 4, 6 Students are typically vulnerable to experiencing high stress levels. It has been shown that students report highest perceived stress in their first year of study, 7 and that, in general, stress experienced in college has a significant negative impact on academic performance and health outcome. 8e10 Such stress has been attributed to academic factors (e.g., examinations), interpersonal (e.g., changes in social activities), intrapersonal (e.g., changes in sleeping and eating habits) and environmental (e.g., vacation and brakes, or lack of) factors. 10, 11 A survey of multiple undergraduate college students revealed that 20% of students said that they feel stressed most of the time and 25% of which experience it on a daily basis. 12 Thus, it is of no surprise that college students have reported higher perceived stress than other populations in the society. 10 Numerous studies found that students enrolled in health sciences programs report higher perceived stress than those in other disciplines. 13e16 This may be due to the higher academic demands associated with the relatively recent upgrades in the health professions curricula. A study of stress and depression among students in a medical college using the Kessler 10 Psychological Distress (K10) has found high prevalence of stress of all types among 57% of the student, with one third of which experiencing severe stress. 17, 18 Other studies observed high stress levels among dental students. In addition to the effect of demographic factors where it was shown that perceived stress levels were significantly higher among females and single students. 19 Other college-related factors were also found to be predictive of stress including clinical training and academic level. 20 A nationwide survey study exploring predictors of stress in doctor of pharmacy students in the US reported a variety of demographic and study-related predictors of stress including female gender, Asian race, academic level and GPA. 4 Furthermore, our recent findings show that PharmD students report high levels of perceived stress, mostly in earlier years of their study (unpublished results). These results were in a general agreement with previous studies that used similar instruments to measure perceived stress and health-related quality of life (QOL). 4, 10, 17 An interesting study comparing medical to nonmedical female students has found that more female medical students reported being frequently stressed than their non-medical counterparts. The study used a questionnaire developed by the International Federation of Medical Students' Association (IFMSA). Students have reported that unsuitable teaching methods, unsatisfactory study environment, and fear of failure in examinations were among the most important stressors. It was also found that medical students were affected by social problems while non-medical students were more affected by economic problems. Furthermore, anxiety, depression and negative lifestyle changes since the start of the college year in addition to worse status of physical and mental health were reported more by female medical students. 21 While there have been a number of general reports exploring QOL and perceived stress levels among medical and pharmacy students, only a few studies provided a detailed investigation into demographic and college-related factors associated with these levels. In this context, Sarafino defined stress as: "The circumstance in which transactions lead a person to perceive a discrepancy between the physical or psychological demands of a situation and the resources of his or her biological, psychological, or social systems.". 22 This is an area of potential research for which college educators and social workers can identify areas where health science students' QOL and stress levels can be improved. Therefore, the purpose of this crosssectional study is to thoroughly explore QOL and perceived stress among students enrolled in various health sciences colleges.
Material and methods

Study design and setting
A cross-sectional survey study was conducted utilizing two widely-used instruments to measure QOL and stress level among health sciences students enrolled in the Colleges of Applied Medical Sciences, Dentistry, Medicine, Nursing and Pharmacy at King Saud Bin Abdul-Aziz University for Health Sciences (KSAU-HS) in Riyadh, Saudi Arabia, during the academic year 2015e2016. The study has been approved by the Institutional Review Board at King Abdullah International Medical Research Center.
Study instruments
The World Health Organization QOL (WHOQOL) e BREF was used to assess QOL and the Perceived Stress Scale (PSS) was used to measure stress. The WHOQOL-BREF consists of an international crossculturally comparable QOL instrument that assesses the individual's perceptions in the context of their culture and value systems, and their personal goals, standards and concerns. It comprises 26 items, which measure the following four broad QOL domains: physical health (8 items), psychological health (6 items), social relationships (3 items), and environment (9 items). The four domain scores denote an individual's perception of QOL in each particular domain. All items are measured on a five-point Likert scale ranging from 1 to 5, and domain scores are scaled in a positive direction (i.e., higher scores denote higher QOL), with a possible range of 8e40, 6e30, 3e15 and 9e45 in the physical health, psychological health, social relationships and environment domain, respectively. A standard transformation method used to convert domain scores to a 0e100 scale. The 14-item Perceived Stress Scale (PSS-14) is the most widely-used psychological instrument for measuring the degree to which situations in one's life are appraised as stressful. The questions in the PSS ask about feelings and thoughts during the last month. In each case, respondents asked how often they felt a certain way. Responses to questions measured on a five-point Likert scale ranging from 0 (never) to 4 (very often). The majority of questions were stated negatively. PSS scores were obtained by summing across all scale items after reversing responses to 4 positively-stated items (i.e.,
Data collection
Convenience sampling was used, in which students were provided with a description of the study and its objectives and then were invited to participate voluntarily. Those who agreed to participate were given the choice of completing either a hard-copy or web-based questionnaire. The completed questionnaires collected and safely stored. Data uploaded and saved into an appropriately designed Excel® spread sheet. Data processed in accordance with the best practices for raw data management to identify any inaccuracies or incompleteness in advance to the statistical analysis. Responses to all items in the two interments checked and compared against the possible minimum and maximum value of each variable and items with implausible values were flagged. A similar process was applied to demographic and college-related variables to identify any potential anomalies by running a general frequency analysis.
Statistical analysis
Descriptive statistical analyses were performed for the study participants. Continuous variables were summarized using median and interquartile range (IQR). Proportions were used for categorical variables. Domain-specific WHOQOLe BREF and PSS scores were evaluated and compared by several respondent demographic and college-related factors using the nonparametric Mann-Whitney U test or Kruskal-Wallis test. Spearman's rank correlation was used to quantify the relationship between domain-specific scores and PSS. Factors shown to be significantly or marginally related to the four QOL domain scores in the above comparisons were entered into separate multivariate linear regression models to examine their independent effect on domain-specific WHOQOLe BREF scores. A multivariate linear regression model was also used to assess the effect of domain-specific WHOQOLe BREF scores on PSS, with adjustment made for demographic and college-related variables. Statistical significance was considered at p < 0.05. All statistical analyses were performed using SPSS 21.0 [Release 21.0.0.0, IBM, USA].
Results
A total of 479 students completed the questionnaire, representing a response rate of 95%. Descriptive statistics of the respondents are displayed in Table 1 . The distribution of respondents' age was narrow; between 20 and 22 years and 59% of them were females. The vast majority of respondents were single (96%) and reported a household income of SAR 10,000 or higher (82%). Except for Medicine (37%), the distribution of college enrollment ranged from 13 to 18%. Forty eight percent of respondents were in professional year 1, 24% in professional year 2 and 28% in professional year 3e4. Almost half of the respondents had a cumulative GPA between 3.7 and 4.5. The majority of respondents did not exercise regularly (69%) while only 12% were smokers. Most respondents reported that they study in groups (69%) while only about half of them follow a time management strategy (52%).
Results for domain-specific WHOQOL-BREF scores overall and by demographic and college-related variables are shown in Table 2 . Scores in a number of QOL domains were significantly different by gender, family size, household income, college, GPA and smoking status. Female students reported significantly higher scores in the social relationship and those living in large families had significantly higher QOL scores in the environment domain.
Respondents with high household income reported significantly better QOL than those with low income as indicated by their significantly higher scores in three domains: physical health, social relationships and Table 1 Profile of health professions students who participated in the study. N ¼ 479. respondents' demographic or college-related factors. Respondents from the College of Dentistry reported significantly higher stress levels than those in other colleges [31 vs. 27-19] . Respondents studying in groups had higher stress levels than others as indicated by their higher PSS scores. No statistically significant differences were observed in PSS scores by age group, marital status, family size, household income, daily commute, academic level, cumulative GPA or smoking or regular exercise status. Results from correlation analysis indicated strong relationship between scores in the four WHOQOL-BREF domains. As expected, strongly positive and highly significant Spearman's rank correlations were found between scores of the four QOL domains, ranging from 0.33 to 0.59. This indicates that higher QOL on a given domain is associated with better QOL in all of the three other domains.
Results from fitting separate multivariate linear regression models for the four WHOQOL-BREF domain scores are displayed in Table 3 . Only significant factors are shown. All four domains scores were significantly related to household income. Students reporting lower household income had significantly worse QOL in the physical, psychological, social relationship and environment domains than those reporting higher income.
Females, married students and those at lower academic levels reported significantly higher QOL scores in the social relationships domain. Also, students achieving higher academic performance reported significantly higher QOL scores than those with lower performance in the environment domain (p ¼ 0.038). In addition, those from the College of Pharmacy had significantly lower physical health scores than those in the College of Medicine (p ¼ 0.002). Respondents The relationship between scores in the four WHOQOL-BREF domains and PSS is displayed in Fig. 1 . The figure shows scatterplot of PSS and scores in the four WHOQOL-BREF domains together a regression line. QOL scores in all four domains were negatively correlated with PSS, indicating that better QOL is strongly and significantly related to lower stress levels.
Results from linear regression analysis for PSS by WHOQOL-BREF domain ( Table 4 ) showed that higher predicted PSS scores were independently and significantly associated with lower scores in the physical health and psychological health domain. Respondents from the College of Dentistry had marginally higher PSS scores than those from the College of Medicine (p ¼ 0.090). QOL scores in the social relationships or environment domains were not related to PSS. Fig. 2 shows predicted PSS scores vs. physical health and psychological health scores by college as obtained from the regression model in Table 4 . Predicted values were obtained for a male respondent not engaging in study groups with average WHOQOL-BREF domain scores. The predicted PSS scores were significantly decreased with higher physical and psychological health scores but remain highest for respondents from the College of Dentistry ranging from 26.0 to 28.4 and 22.7e38.3 with varying physical and psychological health scores, respectively.
Discussion
This study explored the level and sources of selfrated QOL and perceived stress among health sciences students. There were several key findings. First, ratings in the four WHOQOL-BREF domains were significantly higher among students reporting higher household income. Also, students from the College of Dentistry had significantly lower QOL ratings in the physical health, psychological health and environment domains compared to respondents from other colleges. While the association between QOL and household income is anticipated, 23, 24 the substantially lower QOL ratings among College of Dentistry students were somewhat puzzling. This finding however could be related to the structure of the dentistry program where in addition to classroom lectures, students have to regularly attend dental clinics for which they continuously receive evaluations as part of their overall academic performance. 19, 20 Variations in other students' demographic and socioeconomic factors were also noted. Single students, males and smokers reported significantly lower QOL ratings in the social relationships domain. Also, smokers had lower ratings in the physical health domain. These findings confirm results from previous studies that reported weak social relationships among single students and smokers. Such results are also not surprising given the unique lifestyle of these individuals which make them less likely to take part in social activities. 25, 26 The variations by gender were also observed in previous studies. 19, 20 We initially found a strong negative correlation between ratings in the four WHOQOL-BREF domains and PSS. Studies by Marshall et al and Geslani and Gaebelein investigating perceived stress and QOL among US-PharmD Students, have reported that lower stress levels can be directly linked to improved QOL in several domains. 10, 16 Similar results are reported by Ribeiro in a systematic review of stress and QOL among university students including medical, nursing and pharmacy students in various countries. 27 Findings from our multivariate analyses, however, indicated that more favorable perceived stress levels Table 4 . AMS: Applied Medical Sciences. Difference between PSS scores in the College of Dentistry and other colleges was marginally significant. were independently associated with higher QOL ratings in the physical and psychological health domains. While ratings in the social relationships and environment domains were shown to be related to perceived stress in our initial analysis, ratings in these two domains did independently predict perceived stress levels after their effect was adjusted for college and study group activities. The latter two factors were found to be marginally or significantly related to perceived stress. The finding on higher perceived stress levels among students engaged in study groups was unanticipated. 28 This result may potentially be related to the inability of students engaged in study groups to communicate effectively through working as a team and avoiding conflicts and arguments, which can result in a rather stressful environment, especially during exam periods.
Our study found that while Dentistry students had significantly lower QOL ratings in all domains, their perceived stress scores adjusted for QOL were only marginally higher than other colleges. A study conducted among US dental students by Andre et al has reported that the lowest QOL ratings were in psychological domain. 29 This indicates that this group's unfavorable stress levels were mainly related to their lower QOL. As mentioned above, it might be expected that these students reported substantially lower QOL ratings due to the demanding curriculum in their program which requires successful performance in both the classroom and clinical settings. This is supported by a previous study on the perspectives of students engaged in dentistry programs, which reported that most participants raised concerns about the extent to which students are able to balance between social life and academic obligations. 30 Also, most of the previous studies about stress among dental students used the Dental Environment Stress (EDS) questionnaire and showed significant stressors mostly related to examinations, clinical requirements, patients, financial problems, lack of time for relaxation, and faculty feedback or criticism. 31 The above results imply the need to offer counseling and stress management program for all health sciences students and make it mandatory for students with lower self-rating QOL. Such intervention can focus on improving time management skills and prioritization of student daily activities. Some academic institutions in other countries have already initiated the development of educational programs for students in various colleges. 32, 33 These programs include counseling sessions that are designed to assist students in identifying the influence of stress on academic work and developing new skills to counter stress responses, which have been shown to be effective for fostering adjustment to academic stress. 31 Other stress management programs that use the Cognitive Behavioral Therapy (CBT) approach have also been tested and shown to be effective. 34 A strength of this study is its use of widely-used reliable and valid instruments to measure self-rated QOL and perceived stress levels among students enrolled in health sciences programs which are generally known to be demanding both academically and psychologically. Another important outcome of this study was its value in terms of exploring sources of QOL and perceived stress through identifying socioeconomic and academic-related factors that independently predict them. These results are extremely valuable and can be used to design educational and counseling programs, particularly among students reporting unfavorable ratings of QOL and stress.
The major limitation of this study is its crosssectional design, which impedes the identification of causal relationships. Additionally, the study participants selected by convenience sampling which may affect the generalizability of the findings; though it is thought that results of using similar widely-used instruments might show fairly similar results at any college or school.
Conclusion
This study demonstrated significant variations in self-rated health-related QOL and perceived stress among students enrolled in various programs in KSAU-HS. These differences were observed by various demographic, socioeconomic and collegerelated factors including household income, gender, marital status, smoking status, college, academic level and performance. While several studies have focused on the importance of improving life quality and reducing stress among students in the medical practice in the region, this appears to be the first study that thoroughly assessed self-rated stress and QOL in this particular region. Most students that participated in this study appeared to acknowledge challenges in various aspects of their QOL and report a measurable amount of perceived stress. Hopefully, the results of this study will set the stage for conducting further studies to evaluate the effect of implementing educational and counseling programs to boost QOL and reduce stress levels among students enrolled in medical/health sciences programs.
